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INTRODUCTION
A series of international initiatives and conference to combat climate change has been pushed forward in the effort to limit the temperature rise within 1.5oC above preindustrial period (United Nation Framework Convention on Climate Change, 2015; Wang et al., 2018) . Although Taiwan is not one of the signatories of neither the Kyoto protocol nor the Paris Agreement, mainly due to political issues, its government has worked continuously for CO2 emissions reduction, making structural changes in electricity mix by promoting renewable energy along with the global trend of GHG emissions
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undesirable output along with the desirable output in the performance evaluation of SBM framework setting. The undesirable output included in the evaluation provided important insights on performance management (Fukuyama and Weber, 2010) as the efficiency score of DMU with undesirable output would be lower than without it. 
where  was the intensity vector, and L and U were the lower and upper bounds of the intensity vector, respectively. Thus, the objective function of the proposed sustainable performance model,  , can be defined and modified as: 
where the user-specified weight for good ( 
Meta-Frontier Slack-Based Measure with Undesirable Output
To account for the heterogeneity of production technology in the application of performance evaluation, the meta-frontier approach was first introduced by Hayami (1969) and Hayami and Ruttan (1970) . Later, O'Donnell et al. (2008) had successfully expanded the analytical framework of performance measurement with meta-frontier approach into both the non-parametric and parametric methodologies. All DMUs were differentiated into several groups upon certain criteria, such as geographical locations and or different types of production or service technology function (Battese et al., 2004; O'Donnell et al., 2008; Cao et al., 2017) . Not only is the SBM model incorporated meta-frontier approach suitable for measuring sustainable performance of industrial and service sectors in Taiwan, but the evaluation framework with the consideration of heterogeneous operation technology also helps to understand the impacts of technological gaps among DMUs (Fei and Lin, 2016; Li et al., 2017; Long et al., 2018; Wang et al., 2018) . 
The linear programming of efficiency evaluation on each DMU given meta-frontier was defined as Eq. (6). 
Technology Gap Ratio and the Sources of Inefficiency of Meta-Frontier
To take into account of the heterogeneity of production and service technologies in different industries, all group frontiers were to be enveloped by the meta-frontier. When the meta-efficiency and group efficiency of one DMU were both unity, the technology gap (TGR) between the meta-frontier and the group-frontier did not exist.
O 'Donnell et al. (2008) introduced the decomposition approach, dividing the meta-frontier efficiency into the groupfrontier efficiency and the TGR in Eq. (7). The TGR of each DMU could be expressed as in Eq. (8). 
DATA SOURCE AND VARIABLE DEFINITION

The Selection of Decision Making-Units (DMUs)
Either each industry belonged to an industrial or a commercial service sector was treated as a DMU, which used two inputs in order to produce one desirable output and one undesirable output. There were 20 manufacturing industries and 9 commercial service industries included in our sample, as listed in Table 1 . In order to stratify the requirement of the model, we used a panel dataset, along with yearly data of the input and output variables over the period 2010-2016, obtained from the Directorate-General of Budget, Accounting and Statistics, and the Bureau of Energy.
The Selection of Inputs, Desirable and Undesirable Outputs
The main objective of this paper was to assess the sustainable performance on industry level in Taiwan. However, it did not imply that industries would sacrifice great economic benefits for the purpose of CO2 reduction. Since economic growth and the abatement of CO2 emission were both considered sensible business behavior with regard to company social responsibility, we then used the composite efficient score obtained by DEA, taking multiple inputs and outputs into account of a single framework of performance evaluation. The sustainable performance model we proposed considered both important economic and environmental parameters, which depicted the common business operations in industrial and commercial service sectors, under the assumption of different technology. Following the same variables selection logic in previous literature (Emrouznejad and Yang, 2016; Suzuki and Nijkamp, 2016; Valadkhani et al., 2016; Zhang et al., 2016) we chose labor and energy as the two main inputs, GDP as the desirable output, and CO2 emission as the undesirable output in the model. The definition of the input and output variables selected were summarized in Table 2 . Table 3 showed the descriptive analysis for the selected input and output variables of the dataset from 29 industries during the period of 2010-2016. We observed that, in the industrial sector, GDP had risen slightly over the period, as the inputs, labor and energy consumption, gradually increased along with CO2 emission. In commercial service sector showed similar pattern, expect its energy consumption and CO2 emission seemed to take a slight dip for the period of 2011-2013.
EMPIRICAL RESULTS
Descriptive Statistics
Sustainable Performance Analysis
Our purpose was to measure past efforts and to identify the sources of inefficiency, in the hope of improving future sustainable performance. The results of sustainable performance evaluation from our SBM model were presented in Table 4 . We then compared performance scores within and across different technology groups. For each year, the first column represented the sustainable performance of a specific industry in the with the same technology frontier; the second column was the sustainable performance score in the meta-frontier evaluation set. From Table 4 , it should be noted that four industrial industries-Mining and Quarrying (DMU8); Chemical Materials (DMU15);
Machinery and Equipment and Construction (DMU20)-had relatively best performance in the entire industrial sector. However, there were three service industries-Storage and Warehousing (DMU24), Finance, Insurance and Real Estate (DMU26), and Business Services (DMU27)-that had the best sustainable performance among all industries in the sample period, either within its own group frontier or in the meta-frontier set. This implied that, due to the industrial sector's energy-intensive nature, in terms of raw material consumption (e.g., petroleum, fuel oil, diesel, etc.), its CO2 emission performance was still worse, comparing to other electricity-intensive industries such as commercial services.
It then made sense to prioritize industrial sector in the Greenhouse Gas Reduction and Management Act, and to obligate them to improve their energy efficiency and rebate CO2 emissions to the level required by the Environmental Protection Administration and the Bureau of Energy. We also calculated the average sustainable performance score of each sector in the sample period, based on the meta-frontier and the group-frontier, as illustrated in Table 5 . Since 2009 when Renewable Energy Development Act was implemented, the average sustainable performance score of the industrial sector in the meta-frontier and in the group-frontier had increased from 0.278 to 0.296, and 0.57 to 0.62, respectively. Keep in mind that electricity and coal had dominated the sector's energy consumption, for a total share of 90%. Nonetheless, the consumption of petroleum products had dropped significantly from 15% to 5%. This could be attributed to the government's successful policy promotion. and This voluntary adjustment of energy consumption portfolio in the manufacturing process was quite effective for improving energy efficiency and reducing CO2 emissions, though the industrial sector was still relatively worse-off in contrast to the commercial service sector, as it had higher CO2 emission and lower GDP, as the performance score in the meta-frontier shows.
CONCLUSIONS AND POLICY DISCUSSION
In this paper, we proposed a comprehensive performance model to evaluate the sustainable performance on industry level in Taiwan, considering both the desirable and undesirable output under the meta-frontier approach.
The sample data gathered from 29 industries consisted of both the industrial and commercial service sectors between the periods 2010 to 2016. We hope to shed some light on the sustainable performance of Taiwanese industries, and to improve future CO2 reduction policy designed. We observed that sustainable performance has risen slightly due to energy-saving technologies and low-carbon energy structures, under the growth scale of Taiwan's economy. These two were effective strategies for guiding industries with large quantity of CO2 emissions to improve their production activities, especially in the reduction of fossil fuel usage.
We could draw several policy implications from the evaluation results. First, we suggested that the government should pay more attention on industrial sectors, because they tend to underperformed in terms of sustainable performance scores after 2009. As CO2 emission regulation in the global markets had become stricter, the government could encourage investment in energy-saving technologies and production innovation, in order to demonstrate efforts in environment protection, while also to promote economic growth. Second, it should be noted that electricity would be the main part of the energy consumption structure, regardless in industrial sector or commercial service sector. A low-carbon electricity supply portfolio would then be necessary to abate CO2
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